J 



EuropSisches Patentamt 
European Patent Office 
Office europ$en des brevets 



© Publication number: 



0 310 958 

A1 



® 



© Application number 88116183.0 
<§) Date of filing: 30.09.88 



EUROPEAN PATENT APPLICATION 

© mt.Ci.*:B25J 13/02 , H01H 9/02 



The title of the invention has been amended 


© Applicant HITACHI, LTD. 


ffiuirtalinas for Examination in the EPO A-lll. 


6, Kanda Surugadai 4-chome 


7 ^ 


Chiyoda-ku Tokyo 101(JP) 




© Inventor: Fujil, Kenjlro 


® Priority: 02.10.87 JP 247853/87 


39-3-306, Narashinodai-5-chome 


Funabashi-shi(JP) 


@ Date of publication of application: 


Inventor: Oura, Masao 


12.04.89 Bulletin 89/15 


3089-1, Murakami 




Yachiyo-shi(JP) 


© Designated Contracting States: 


Inventor Tsuburaya, Kazuyuki 


DE FR IT 


757-8, Amema 




Akikawa-shl(JP) 




Inventor Hagura, Shigehlsa 




16-10, Tatenocho 




Nerima-ku Tokyo(JP) 




0 Representative: PatentanwSlte Beetz sen. - 




Beetz (un. Tlmpe • Siegfried - 




Schmitt-Fumlan- Mayr 




Steinsdorfstrasse 10 




D-8000 MUnchen 22(DE) 



© Portable apparatus for teaching a robot or other automatic machines. 



© A portable teaching apparatus comprises inter- 
lock cancellation switches (135, 145) and at least 
one operating switch (200) for producing a signal 
which remains effective only when the interlock can- 
cellation switch (135, 145) is depressed. A box-like 
body (100) with the operating switch (200) arranged 
^■on the front surface thereof include two parallel 
^strips of apexes (133, 143) on the back side thereof. 
M Slopes (134, 144) which steadily approach the front 
2§ side and continued from the apexes (133, 143) are 
0> formed between the two strips of apexes (133, 143). 
Q The operating buttons of the Interlock cancellation 
^ switches (135, 145) are mounted on the slopes (134, 
0 144) respectively. 

O 

Q. 
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PORTABLE TEACHING APPARATUS 



. BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

The present invention relates to an operating 
board for controlling the operation of industrial ro- 
bots or other automatic machines, or more in par- 
ticular to a hand-held portable teaching apparatus 
suitable for operating these machines or teaching 
jobs to them. 



DESCRIPTION OF THE RELATED ART 

In teaching a series of operations to an indus- 
trial teaching playback robot (hereinafter merely 
called "the robot"), the robot is actually operated 
manually, and various data thus generated are ed- 
ited and stored or necessary data is added in 
accordance with the operations and stored as re- 
quired. This teaching process is often implemented 
in the neighbourhood of the robot, that is, within the 
operating range of the robot by means of a 
manually-operable teaching apparatus held in hand. 
As a result, the operator is exposed to the danger 
of an erroneous operation or runaway of the robot. 

Some means is required to secure the safety 
of the operator (teacher). A teaching apparatus 
equipped with such means is capable of producing 
a signal only when a key for designating the direc- 
tion of operation or the conditions for operation of 
the robot for example, is depressed directly. 
Should the operator lose his consciousness, how- 
ever, he may fall on the teaching apparatus, thus 
leaving the keys depressed. In the case of an error 
in robot operation or a runaway thereof, on the 
other hand, the operator might be upset and unable 
to perform proper stopping operations. 

In order to solve this problem what is called a 
"deadman switch" may be provided, which ignores 
the entries of keys in view of the fact that the 
operator leaves his hand from the teaching appara- 
tus, in most cases of emergency such as the loss 
of his consciousness. Patents related to this type of 
apparatus include JP-A-60-1 53789 (UM), for exam- 
ple. 

Conventional teaching apparatuses suggested 
include a deadman switch operated by the thumb. 
In these prior art apparatuses, keys are operated in 
most cases by the forefinger of the idle hand not 
holding the apparatus, and when it is desired to 
operate a pair of keys at a time, the operator may 
want to use also a finger of the hand holding the 



teaching apparatus. The thumb which is the only 
idle finger of the hand holding the teaching appara- 
tus, however, is already occupied to operate the 
deadman switch. As a consequence, the simulta- 
5 neous operation of a pair of keys by both hands 
has not been realized. Also, the thumb is easily 
exhausted as the operation of the deadman switch 
is concentrated on the thumb. 

70 

SUMMARY OF THE INVENTION 

The present invention has been developed in 
view of the above-mentioned facts, and an object 

is thereof is to provide a portable teaching apparatus 
comprising a deadman switch by which two keys 
can be operated at a time by both hands. 

Another object of the present invention is to 
provide a portable teaching apparatus in which the 

20 fatigue resulting from the operation of the deadman 
switch is minimized. 

More specifically, according to the present in- 
vention, there is provided a portable teaching ap- 
paratus comprising interlock cancellation switches 

25 and operating switches, wherein a signal of an 
operating switch is effective only when an interlock 
cancellation switch is depressed, the apparatus fur- 
ther comprising a box-shaped body with the op- 
erating switches arranged on the surface thereof, a 

30 plurality of grips originating from the sides of the 
body and each having an apex inward of the side 
of the body and a slope on the back side of the 
central part of the body continued toward the front 
side, and the interlock cancellation switch as a 

35 deadman switch mounted on the slope inward of 
the apex of each grip. 

According to another aspect of the invention, 
fingers extended on the back of each grip, such as 
the forefinger, middle finger, the third finger or the 

40 little finger, may be used to operate the deadman 
switches while at the same time holding the teach- 
ing apparatus. This sets free the thumb holding the 
teaching apparatus and enables it to participate in 
key operation. 

45 According to still another aspect of the inven- 
tion, each deadman switch can be operated by the 
forefinger, the middle finger, the third finger and/or 
the little finger, so that the weight of the teaching 
apparatus Is exerted on these fingers. The dead- 

50 man switch becomes thus ready for operation auto- 
matically by holding the apparatus by the grips. As 
a result the operation of the deadman switch is 
distributed among the fingers, thereby reducing the 
exhaustion of these fingers. 

According to a further aspect of the invention, 
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each deadman switch is arranged on a slope of 
each grip, which slope is directed inward, and 
therefore the teaching apparatus is not carelessly 
operated when placed on the ground or the desk. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 8 show an embodiment of the 
present invention, in which: 

Fig. 1 is a schematic diagram showing a 
sectional view of the construction of a portable 
teaching apparatus; 

Rg. 2 is a plan view showing a general 
appearance of the apparatus; 

Fig. 3 is a circuit diagram for explaining the 
functions of a deadman switch; 

Figs. 4 and 5 are diagrams showing the 
apparatus held by a hand; and 

Figs. 6, 7 and 8 are side views showing a 
general appearance respectively. 

In this connection, Figs. 1, 4 and 5 are views 
taken along the line W-W in Rg. 2, and Rgs. 6, 7 
and 8 are views taken along the line Y-Y, directions 
X and Z respectively. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Reference numeral 100 designates a substan- 
tially T-shaped box as a body, on which a display 
unit 110 and an emergency stop switch 120 are 
arranged at the upper part of the surface 190 with 
operating switch groups A, B and C including a 
multiplicity of operating switches 200 arranged at 
the lower part thereof. Numerals 130, 140 des- 
ignate two strips of grips arranged in parallel to 
each other on the back side 180 of the body 100. 
The grips 130, 140 start from the sides 131, 141 
respectively in opposed relationship with the body 
100, and have internal apexes 133. 143 through 
slopes 134, 144 from the sides 131, 141, and also 
slopes 134, 144 continued from the back side 180 
at the central part of the body 100. Numerals 135, 
145 designate interlock cancellation switches as 
deadman switches arranged within the slopes 134, 
144 in opposed relations to each other at the grips 
130, 140. Operating buttons of the interlock can- 
cellation switches 135. 145 are arranged to be fully 
extended in longitudinal direction (vertical direction 
in Rg. 2) of the slopes 134, 144 avoiding the 
apexes 133, 143 of the grips 130. 140, respec- 
tively. Specifically, the operating buttons of the 
interlock cancellation switches 135. 145 have a 
sufficient size (length) to be engaged with a fore- 
finger which is curled on the backside of the grips 



130, 140 when the bottom of the grips 130. 140 are 
gripped, and to be engaged with a small finger 
curled on the backside of the grips 130, 140 when 
the top of the grips 130, 140 are grasped respec- 

s tiveiy. The operating buttons may alternatively be 
configured in somewhat raised form from the 
slopes 134, 144 on which they are arranged, so 
that when they are depressed, the buttons settle 
into the slopes 134. 144. Numeral 170 designates a 

10 substantially L-shaped handle facing the left side 
131 of the body 100 through a clearance G and 
coupled to the body 100 by being extended toward 
the upper side 150 and the lower side 151 of the 
body 100. and numeral 153 a connector for an 

is output cable at the bottom of the lower side 1 51 . 

Explanation will be made more in detail. As 
shown in Rgs. 4 and 5. in order for the grips 130, 
140 of the back side of the body 100 to be held 
fully by the palm and fingers other than the thumb, 

20 the grips 130, 140 are formed in proper sizes and 
inclinations of the slopes 132, 142, 134, 144 as well 
as the height of the apexes 133, 143. Also, the 
sides 131, 141 of the grips 130. 140 are formed 
with a multiplicity of grooves 191. 192 extending 

25 from the front 190 toward the back side 180. The 
ends of the grooves 191 progressively approach 
the back side 180 downward of the body 100, and 
the starting points and ends of the grooves 192 
progressively come away from the extension of the 

30 surface 190 (approach the back side 180) down- 
ward of the body 100. Further, the upper side 171 
of the handle 170 is inclined to come away pro- 
gressively from the extension of the surface 190 of 
the body 100 downward of the body 100. The 

35 clearance G between the handle 170 and the side 
131 of the body 100, on the other hand, is selected 
with such a proper size that does not give a tight 
feeling to the palm against the handle 170 when 
the grip 130 is held. Furthermore, the sides 131, 

40 141. the slopes 132, 134, 142, 144 and the apexes 
133. 143 making up the grips 130, 140, may be 
configured by a combination of proper curvatures 
fitting the hand snugly. 

Now, Rg. 3 shows an example of a simple 

46 circuit for turning on and off the power supply to a 
motor 300 for driving the robot by means of the 
interlock cancellation switches 135, 145. Actually, 
various types of interlock are required both in hard- 
ware and software at the time of turning on a servo 

so system, and this circuit is for cutting off power to 
the motor 300 for driving the arms of the robot for 
example, after operating a brake circuit to prevent 
a runaway. Specifically, when the finger leaves the 
interlock cancellation switches 135. 145 with the 

55 contacts thereof opened, a relay 201 in a robot 
control circuit 230 is released so that a contact 
201 a thereof opens. Further, a breaker 202 is re- 
leased, and a contact 202a thereof in the power 
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unit of the motor 300 opens, thus cutting off power 
supply to the motor 300. 

Now, the procedure for operation of a portable 
teaching apparatus configured in the manner men- 
tioned above will be explained. Fig. 2 shows an 
arrangement of the operating switches 200. The 
operating switch group A includes switches of 
deadman control type for manual operation of the 
robot Since the operation of these switches is 
naturally followed by actual motion of the robot it 
is necessary to keep depressed the interlock can- 
cellation switches 135, 145 making up deadman 
switches. The operating switch group B, on the 
other hand, includes the operating switches 200 for 
changing the operating conditions or the teaching 
work of the robot Since these switches are op- 
erated frequently during manual operation of the 
robot, however, it is not preferable to evaluate the 
conditions of the deadman switches each time of 
the operation. The operating switches 200 making 
up the operating switch group C, which are pro- 
vided for cancelling a trouble, are kept depressed 
while the operating switches 200 making up the 
group A are required to be depressed at such a 
time as an overrun of the robot In this case, too, it 
is not preferable to evaluate the conditions of the 
deadman switches and turn off the servo system 
for driving the robot !n view of this, the embodi- 
ment under consideration is so constructed that in 
the case where the conditions of the deadman 
switches are evaluated and the fingers have left 
them while the operating switches A are being 
operated, the robot motion is immediately stopped 
by turning off the servo system thereof. Specifi- 
cally, in Rg. 4 and Fig. 5 showing the grips 130, 
140 held in the right hand 350 and the left hand 
351 respectively, assume that the fingers have left 
the operating buttons of the interlock cancellation 
switches 135. 145 embedded in the slopes 134, 
144. The robot operation is immediately stopped. 
This is easily realized by extending the first joint of 
the finger (except for the thumb) holding the grips 
130, 140. In addition, in view of the fact that the 
behaviour of the fingers operating the interlock 
cancellation switches 135, 145 is identical to that of 
the fingers holding the grips 130, 140 of the body 
100, the operator is able to continue the robot 
operation both safely and accurately without feeling 
any fatigue or being conscious of the existence of 
the deadman switches. Further, the body 100 can 
be held accurately by the grips 130, 140 in at least 
one palm and finger (except for the thumb), and 
therefore the thumb of the hand holding the grips 
130, 140 as well as the fingers of the hand not 
holding the grips 130, 140 are set free. The operat- 
ing range of the operating switches 200 arranged 
on the surface 180 of the body 100 is thus widen- 
ed. 



Further, the embodiment under consideration is 
provided with a handle 170. Therefore, as shown in 
Rg. 4, the body 100 can be held without com- 
pletely grasping the grip 130 in the left hand 350. 

s Also, the height of the upper side 171 of the handle 
170 is lowered progressively toward this side (the 
lower side) of the body 100. it is thus possible to 
lay (displace outward) the palm of the hand 350 
sufficiently on this side of the handle 170, thus 

w widening the range in which the thumb of the hand 
350 can be moved along the surface 190 of the 
body 100 (even while depressing the deadman 
switches). It is also of course possible to carry the 
portable teaching apparatus by the handle 170. 

76 Furthermore, the grooves 191, 192 in the sides 
131, 141 of the body 100 respectively makes pos- 
sible accurate grasping of the grips 130, 140. At 
the same time, the fact that the starting or ending 
point of the grooves 191, 192 is inclined downward 

20 of the body 100 enables the operator to confirm to 
some degree the position of grasping 130, 140 by 
the feeling of the grips 130, 140, thereby making 
the operation of the operating switches 200 more 
smooth. In addition, in the embodiment under con- 

25 sideration with the interlock cancellation switches 
135, 145 arranged on the slopes 134, 144 inward of 
the apexes 133, 143 of the grips of 130, 140, the 
interlock cancellation switches 135, 145 are not 
depressed by error when the portable teaching 

30 apparatus is placed on the floor or desk. In other 
words, should the operator in the teaching work 
drop the portable teaching apparatus on the floor 
carelessly, or should the operator be involved in 
some accident, leaving the apparatus, the interlock 

35 cancellation switches 135, 145 are left accurately, 
thus stopping the robot motion without fail imme- 
diately. 



40 Claims 

1. A portable. teaching apparatus comprising at 
least one interlock cancellation switch (135, 145) 
and at least one operating switch (200) wherein a 

45 signal of the operating switch (200) is effective only 
when the interlock cancellation switch (135, 145) is 
depressed, the apparatus further comprising: 
a box-shaped body (100) with the operating switch- 
es (200) arranged on the surface thereof, 

so at least one grip (130, 140) which, starting from the 
sides of the body (100), has an apex (133, 143) 
inwardly of the sides of the body (100) and at least 
one slope (134, 144) continuing toward the surface 
of the body (100) on the back of the central part 

55 thereof, and 

said interlock cancellation switch (135, 145) moun- 
ted in the slope inwardly of the apex (133, 143) of 
the grip (130,140). 
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2. A portable teaching apparatus according to 
Claim 1, wherein the interlock cancellation switch 
(135, 145) includes at least one operating button 
extending from the apex (133, 143) of the grip 
(130, 140) into the slope (134, 144) at the central 5 
part of the back of the body (100) along the lon- 
gitudinal direction of the grip (130, 140). 

3. A portable teaching apparatus according to 
Claim 1, wherein the grip (130, 140) includes a 
multiplicity of grooves (191, 192) extending from 10 
the front side of the body (100) toward the back 
side thereof. 

4. A portable teaching apparatus comprising at 
least one interlock cancellation switch and at least 

one operating switch (200) wherein signal from the /5 
operating switch (200) remains effective only when 
the interlock cancellation switch (135, 145) is de- 
pressed, the apparatus further comprising: 
a substantially T-shaped body (100) in box form 
with the operating switch (200). an emergency stop 20 
switch (120) and a display unit (110) arranged on 
the surface thereof; 

two strips of grips (130. 140) starting from the 
opposite sides of the body (100) and continuing to 
the back side at the central part of the body (100), 25 
the grips (130, 140) having apexes (133, 143) in- 
wardly of the sides of the body (100); 
the interlock cancellation switches (135, 145) 
mounted within the opposite slopes (134. 144) of 
the grips (130, 140); and 30 
a handle (170) facing the sides of the body (100) 
through a clearance and coupled to the body (100) 
by being extended to the upper and lower surfaces 
of the body (100). 

5. A portable teaching apparatus according to 35 
Claim 4, wherein the interlock cancellation switches 
(135, 145) include operating buttons extending 
from the apexes (133, 143) of the grips (130, 140) 

into the slopes (134, 144) at the central part of the 
back side of the body (100) along the longitudinal to 
direction of the grips (130, 140). 

6. A portable teaching apparatus according to 
Claim 4, wherein the grips (130. 140) include a 
multiplicity of grooves (191. 192) extending from 

the front surface of the body (100) to the back side 45 
thereof. 

7. A portable teaching apparatus according to 
Claim 4. wherein the handle (170) arranged in such 
a manner as to come away from the extension of 

the surface of the body (100) progressively toward so 
the lower side of the body (100). 

8. A portable teaching apparatus according to 
Claim 6, wherein the ends of thQ multiplicity of the 
grooves of the grips (130, 140) approach the back 
side of the body (100) progressively toward the ss 
lower side of the body (100). 



9. A portable teaching apparatus according to 
Claim 5. wherein the interlock cancellation switches 
(135, 145) include rectangular operating buttons 
which are adapted to come into contact with any of 
the fingers holding selected one of the upper and 
lower ends of the grips (130, 140). 

10. A portable teaching apparatus comprising 
at least one interlock cancellation switch (135, 145) 
and at least one operating switch (200) for produc- 
ing a signal which remains effective only when the 
interlock cancellation switch (135. 145) is de- 
pressed, wherein the operating switch (200) is ar- 
ranged on the front surface of a box-like body (100) 
having two substantially parallel strips of apexes 
(133, 143) on the back side thereof, the inter lock 
cancellation switch (135, 145) inctuding operating 
buttons being recessed toward the front side from 
the apexes (133, 143) between the two strips of 
apexes (133,143). 

11. A portable teaching apparatus according to 
Claim 10, wherein the two strips of apexes (133, 
143) have therebetween slopes approaching the 
front side steadily and continued from the apexes 
(133. 143), the operating buttons (200) being ar- 
ranged on the respective slopes (134, 144). 
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